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1.0 INTRODUCTION AND SUMMARY
Atlantic Research Corporation (ARC) contracted with NASA to manufacture
and deliver thirteen small scale Solid Rocket Motors (SRM). These motors, containing five
distinct propellant formulations, will be used for plume induced radiation studies. The
information contained herein summarizes and documents the program accomplishments and
results.
Several modifications were made to the scope of work during the course of
the program. The effort was on hold from late 1991 through August, 1992 while propellant
formulation changes were developed. Modifications to the baseline program were
completed in late-August and Modification No. 6 was received by ARC on September 14,
1992. The modifications include changes to the propellant formulation and the nozzle
design.
The required motor deliveries were completed in late-December, 1992.
However, ARC agreed to perform an additional mix and cast effort at no cost to NASA and
another motor was delivered in March, 1993.
2.0 ACI'IVITIES
The initial program required refurbishment of NASA supplied hardware and
the loading of fourteen motors with a specified propellant formulation. One motor was to
be static tested as a demonstration or qualification unit. It was subsequently discovered that
the motor cases and forward closures had been insulated with material containing asbestos.
As a result of asbestos disposal issues, new cases and closures were purchased along with
the required canted nozzles.
Prior to the initiation of propellant casting, NASA developed a need for
motors containing a number of different propellant formulations in lieu of the original
1
single formulation. The nozzle design was also changed from canted to axisymmetric.
A Propellant Mix Plan (Attachment 1) and a Motor/Propellant Matrix
(Attachment 2) were developed utilizing five distinct propellant formulations to meet the
new requirements. Since Maximum Expected Operating Pressure (MEOP) was of major
concern, the formulation for Motor #5 was selected for the demonstration test. This
formulation was expected to yield the highest burn rate. Propellant checkout mixes were
conducted to verify that burn rate and MEOP could be controlled within contract limits.
The schedule by which the work was performed is included as Attachment 3.
Following a successful checkout mix and associated Rohm and Haas (R&H)
testing, the demonstration motor was successfully tested on November 6, 1992. NASA
representatives witnessed the test of motor SOSM-00. In addition to the
thrust/pressure/time data measured by ARC, we assisted NASA personnel with the
measurement of plume infrared radiation data. NASA provided instrumentation and ARC
collected and recorded data.
Analysis of the R&H results yields maximum pressure predictions for the
corresponding full scale motor. As can be seen from the analysis of Rohm and Haas 05 and
06, Motor #2 could experience peak pressures up to 750 psi which is approximately 4%
above the allowable maximum pressure. Our structural analysis of the motor components
indicated a factor of safety of 4 at this maximum pressure. Based upon the structural
analysis, a deviation (Attachment 14) was issued granting relief from the 720 psi MEOP
requirement.
Test data for each mix and the demonstration motor are included as
Attachments 4 through 11. These data reports are keyed to the Propellant Mix Plan. The
first propellant checkout mix (Mix #1) yielded results so close to requirements for the test
motor that a second mix (Mix #2) was not needed. Therefore, there were no Rohm and
Haas Motors 03 and 04.
2
X-ray results for Motor #6, the PBAN Motor, indicated the presence of two voids
which rendered the motor unacceptable. Recognizing the importance of the PBAN motor
to the planned NASA test program, ARC elected to perform an additional mix and cast at
no cost to NASA. The effort was successful and the new motor was designated SOSM-14
PBAN/16.0. Motor #6 was subsequently scrapped at ARC.
3.0 SHIPMENTS
The 13 canted nozzles originally purchased for use on the program and the
spent motors containing asbestos were shipped to NASA on October 30, 1992.
Motors 1 through 5 and 7 through 13 were shipped on December 28, 1992.
The replacement for Motor #6, SOSM-14 PBAN/16.0, was shipped on March 8, 1993.
Copies of the DD Form 250 and the ARC Packing Lists for these shipments
are included as Attachment 15.
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PROPELLANT MIX PLAN
NASA Reload
Tas_ DescHpt;ov
I. Mix #l: Formuht/on 5/a 60-qt Hobart
Cast R&H-01 & ,,02
Perform physicals, s_ands, & bond
2.
e
.
e
,
.
,
Assemble and fire R&H-01 & ,.02
Reduce data
Adjust bum rate and pb_ds (AR)
_e
Mix #2: Formulation $/n 60-qt Hobart
Cast R&H-03 & -04
Perform pbysM.als, strands, & bond tests
Assemble and fire R&H-03 & -04
Reduce data
Mix #3: Formulation 5/n 140-qtHobart
Cast R&H-05 & -06
C_ SOSM-00 for ten
Perform physicals, strands, & bond tests
A._emble and fire R&H-05 & -06
Assemble add Dire SOSM-00
Reduce data SCSM-00
Mix #4: Formulation 2 in 140-qt Hobart
Cast SOS._,I-02 and _'_&H-07 & 08
Perform physicals, strands, & bond tests
Assemble and fire R&H-07 & 08
Deliver SOSM-02
Mix #5: Formulation 1/n 140-qt Hobart
Cast SOSM-01 and R&H-09 & 10
Perform pbyslcals, strands, & bond tests
.'_.:._.c,._ble ar.d _¢ R&II 09 & l0
Deliver SOSM-01
Mix #6: Formulations ::1,9,10,11,12,13 in 150-gal Hbrt.
Cast SOSM-03,09,10,11,12,13 & R&H-II & 12
Perform physic_l% stra,_ds, & bond tests
Assemble and fire R&H-II & 12
Deliver SOSM-03,09,10,11,12,13
Cbeckout bigbcst
rb ASKM variation
first
Checkout lowest rb
Interpolate based on
formulatlons 5 & 2
Ml_mZ4rg
A'ITACHMENT 1
PROPELLAN"I"MIX PLAN CON'TINUF.D
NASA Reload
Tasl< Description
10. Mix #7: Formulation 4 in 150-ga] Hobtrt
SOSM-04,05,07,08 and R&H-13 & 14
Pedorm physicals, s_amd._, & bont te_
Assemble and fire R&H-13 & 14
Deliver S05M-04,05,07,08
11. Mix # 8: Formulation 6 in 140-qt Hobart
Cast SOSM-06 _cl R&H-15 & 16
Perform ph)'_cals,strands,& bond tests
Assemble and fireR&H-15 & 16
Del_'ezSOSM-06
Notes
M'I_02.,_2
NASA RELOAD
MOTOR/PROPELlANT MATRIX
Motor
2
3
|11 '
Binder
Type
HTPB
HTPB
HTFB
A!
%
i,
21.5
17.5
19.0
Al
Size
30urn
30urn
F]_e
F_ke
F_c
200n_m
70/3O%
200_)um
70/3O%
200_Oum
70/3O%
%
Solids
88
200/20urn
7O/30%
88
88
Nozzle
Geometry
Axisymmetric
Aoc_mm etric
_etzic
4 HTPB 16.0 30urn Flake 2D0/20um 86 Axisymmetric
70/30%
$ HTPB 16.0 3_m Hake 2D0/2Oum 86 Axisvmm etric
70/30%
6 PBAN 16.0 30urn Flake 200/20urn 86 Axlsymm etric
70/30%
7 H'IPB 16.0 30urn Flake 200/2Oum 86 Axi.vmm etric
70/3O%
8 HTPB 16.0 30urn Flake 2O0/20um 86 _etric
70/30%
9 HTPB 19.0 30urn Flake 200:20urn 88 Axis)_etric
70/3O%
10 !VIVB 19.0 30urn Flake 2D0/7.0um 88 Axisymm etric
70/30%
11 HTPB 19.0 30urn Flake 200/20u m 88 Axi_nm etric
70/30%
12 HTPB 19.0 30urn Flake 200/20urn 88 Axisymm etric
70/30%
19.0 3f_m Flake 88 Ax_mmetric
MB MATRIX
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ATrACHMENT 3
NASA RELOAD
Ballistic Analysis
of
ROHM and HAAS Motors
01 and 02
INTRODUCTION
On October 13, 1992 two Rohm and Haas motors (F/N's 02447 and 02448) were fired from
NASA Reload Mix 1. This mix was an 86% solids, 16% aluminum, HTPB formulation with
a bi-modal (200/20 micron) AP distr_ution in a 70/30 ratio. This was designated
formulation 5 on the motor/propellant matrix. There were no anomalies noted in the
firings.
ANALYSIS RESULTS
The firing data was processed using the standard firing analysis code to determine the motor
burning rate and burning rate exponent. Firing number 02447 used an eroding nozzle
throat made from Durez. Firing number 02448 used a non-eroding, ATJ graphite throat.
The burning rate exponent while the non-eroding throat provides an accurate burning rate
value at the motor average operating pressure.
Based on the analysis of F/N 02447, the burning rate exponent was determined to be 0.445.
Based on the analysis of F/N 02448, the burning rate was determined to be 0.415
inches/second at 669 psi. Using these results, the burning rate equation for this mix is:
r = 0.02295 Pc e.tts
ATI'ACtlMENT 4
TEST DATA REPORT
NASA RELOAD R/H
FIRING NO$:o2Yq?-oaq_B
FIRING DRIE:OCIOBER |$.1992
NOIOR NOS:IS.JGB]09
RE DRTR
PRODUCT RSSURANCE RPPROVRL:
ATLANTIC RESEARCH CORP
5gqs MELLINGION ROAD
6RINESV]LLE, ¥R 22085
PROPULS] ON TEST GROUP
OCTOBER 14, 1992
SPECIFICRTIONt ..... .._.._.. .................
<,_,,<<,,NO,,,o,,<,..9/....,,_.....<:,',,.,,,,..
1400
1000
o
• • *
• • • * • • • • • * • • • • • ."
0.009 0.5000 1.2000 l.l_ee Z.4_O0 3.e0130
T],'_ ($]_(]'13_)
TEST DATA SuqqAJtT
Test ID : I_SA RELOAD F_r|rlg Nuttier 02447
A©ct Iio. 38-6z.64-M6-1000 Date Tested 13-0ct-92
Notor No. 1S ¢oru_. Temp. ?0.00 DeS. F
Grl|_ lio. 1109663-T A_[er_t Temp. 57.00 Dell. F
Pro. Vgt. SI/_.OOO0 grams tel N_sTd|ty 60.00 •
Vet) 0.9900 in. hr_ter 29.95 |rillli
IOrflt|or_ Detey ( 0 - IOX)
Actfon Tfm (101_ - 10%)
Totot Tim ( 0 0 )
CHN ID TOTAL
0.0SZS
2.4O0O
2.4T81
INTEGULS
ACTION IKJtU
(IOZ - 751[) 0.0320
(t01[ - T_) Z.3SSZ
AY[RAG£S
ACTION lUiUi lq,t.X1N,JN
O0 PI_[SS-A (PStA) 17"_/,.5 1722.6 1709.9 717.8 726.0 872.0
01 F_ESS-II (PSIA) 1727.5 172S.5 1712.5 719.0 727.1 872.3
02 T_RL.tST-A (L|F) 2655.5 2654.Z 2634.8 I105,9 1118.7 1266.$
03 THRUST-8 (L|F) 267&.A 2673.0 2655.4 1113.8 1126.6 1E69.8
O_served llurn |art •
S;_¢ f f fc rrs:_t se •
Action / i_rn T|.w •
0.4161 Irv'iec. II
23_. 1590 ibf-s/ttl
1.0190
726.0 I:_ Ill
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Test ID : kAS._ IELO_ Ffri_l; II_r_er 02/_.8
Acct No. _-6z,_-I16-I000 Date Tested 13-0ct-92
I_tor We. JCl 109 Cord. Temp. 70.00 Deg. F
Gr,(n Io. 809663-T Aebfe_t Temp. 57.00 Detl. F
Pro. I_gt. 51&3.OOO0 9rams hi N_mJd|ty 60.00 •
Vet) 0.9815 in. hrometer 29.9S Irt(|
TI_ VALUES
(se,:o_s)
Isy_tion Daisy ( 0 - t02) 0.0333 18nftfon rise (102 - 75:[) 0.0352
Action Time (102 - 102) 2.L6&O |urn Time (102 - TAll) 2.6096
Tote| Tim ( 0 - 0 ) 2.5197
INTEGAALS AVTILAGES
CKN IO TOTAL ACTION IUtN ACTION IIL_M K_XlU
O0 P_ESS-A (PSlA) 1664.8 1663.& 16/.5.9 675.1 683.1 ?08.Z
01 PR[SS-I (PSIA) 1665.S 1664.1 1&_6.7 675.4 683.4 707.6
02 Ti_ltUST-A (LIF) 26_)3.1 2&02.3 2577.9 1056,Z 1069.9 115Z.1
03 Ti_RUST-B (LIF) 2618.6 2617.7 2S93.1 1062.4 1076.Z 1160.0
Ol_erved Burn late • 0.40T_ in/see. |
Spec4flc Im;:xJla,e • ZZg.SS_ Ibf-a/Ib8
Action/ Burn Time • 1.0226
683.1 psle
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NASA RELOAD
Ballistic Analysis
of
ROHM and HAAS Motors
05 and 06
INTRODUCTION.
On November 3, 1992 two Rohm and Haas motors (F/N's 02478 and 02479) were fired from
NASA Reload Mix 3. This mix was an 86% solids, 16% aluminum, HTPB formulation with
a hi-modal (200/20 micron) AP distr_ution in a 70/30 ratio. This was designated
formulation 5 on the motor/propellant matrix and was identical to Mix 1. Due to an
operator error, the thrust data on F/N 02479 was not properly acquired. No meaningful
data can be acquired from this firing since the thrust data is critical to the analysis of this
motor. The data from the remaining motor is sufficient to determine the acceptability of
this batch.
ANALYSIS RESULTS,
The firing data was processed using the standard firing analysis code to determine the motor
burning rate. Firing number 02478 used a non-eroding, ATJ graphite throat The non-
eroding throat provides an accurate burning rate value at the motor average operating
pressure.
Based on the analysis of F/N 02478, the burning rate was determined to be 0.383
inches/second at 565 psi. Using these results, and the burning rate exponent of 0.445
obtained from Mix 1, the burning rate equation for this mix is:
r = 0.02283 Pc *'_
This is 0.52% lower than Mix 1 and is within the acceptable range.
ATTACHMENT 5
TEST DATA REPORT
NASA RELOAD RiM
FIBING NOS:OEWTB-OE_9
FIRING DfiTE:NOVEMBER 3,1992
MOIOR NOS:RRSM-S.RRSM-|_
PRODUC1
RB DRIR
R$SURRNC£ RPPROVRL=
RTLRNI|C RESERRCH CORP
59q5 WELLINSTON RORD
ORINESVILLE. VR 22065
PROPULSION TEST GROUP
NOVEHBER 3,1902
SPf'Cl f 1Cill I Oltl .... .'.--t "/_""/"-_- " - "
o,,,o,<,,o_,.Z_<<../._.!., ._; ;.7'2
.... .......
/
0 ] .SI:;REPI:INCl E5 N01 fl)- ..........................................................,
......... .-r:.i,,.o._...¢I,_..:_....._.. _._.,-s.-,._...-....._f . _ _....-&>_............
........... •'-_....-....'4'_..._.._-R--r:..._I.. _...._,,7,.,(.._ ..........
e. eoo e. 5e_ 1. oooe 1.5009 z. eoee z. 59(_
Tln£ ($I_OKI)S)
TEST DATA S_414_Y
Test ID : US_ELC)_R/N Firing udd_er 024711
Acct I_o, _-&_,-116-I000 Date Tested 3-11ov-92
Notor uo. _SX-S Cord. Trap. ?0.00 Dell. F
Grain No. I_q681-T JUr_{mt Teq_. 64.00 Dell. F
Pro. Vgt. 57.25.6001 grin le| ll_idity 68.00 Z
Web 0.9940 in. bronzer 29.83 Inll8
TIK[ VALUES
(seconds)
19_Ition Delr/ ( 0 - t0£) 0.0309 l_ltion I|;, (1_£ - _1_ 0.0440
Action Tim (10£ - 10£) 2.M60 Burn Tim (104- IM) 2.6400
Total Tim ( 0 o 0 ) 2.7449
INT[G_LS AV[I_I
ClCN ID IOTAL ACTI ON IKIII AC1]ON IUUi K_ ll4JN
0¢ PmESS-1 (PSlA) 1538.1 IS36.8 IS2&.S S72.2 577.5 605.8
01P_ESS-2 (FSIA) 15_.7 1S33.S 1521.4 5?0.9 S76.3 601.7
02 1H_ST-I (LIF) 2611.4 2610.6 2592.2 971.9 981.9 1077.9
03 TH_ST-2 (LIF) 2614.1. 2613.3 259_.9 972.9 9_2.9 1079.2
Observed 8_Jrn |,te • 0.3765 Irv'sec. 8
Specific tm_,Jtae • 226.6741 |bY-a/Ibm
Action / l_r_T(_ • 1.0174
S77.5 psia
i,=,l
I.IJ
Z
0
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8.008 O .5_Oe 1 .O000 1.5_eO 2 .e_O Z .SOOO
TIME (S_)
TEST DATA SUmART
Test ID : lUS_t[LOADt/il Firlr_ |.tuber 02479
Acct No. 3_.&_-Ii6-1000 Date Tested 3-Nov-92
lk_tor uo. 14 Ccr_. Teup. 70.00 Dell. f
Grain uo. IK396_1T Ad_er_ Temp. 64.00 Dq. F
Pro. Vgt. 5162.3999 Orm tel I_[dit_ M.O0 Z
Web 0.9845 in. |8rcmter 29.83 Ird48
TINt VALUES
(seccx'ds)
18r_itlon Getty ( 0 - 104) 0.0289 lsy_ltlc_ tfse (101[ - 751[) 0.0_60
ActSon Time (IOZ - 104) Z.SJ_,O _ T(me (105[ - TAJI) 2.A4_0
Totst Tim ( 0 - 0 ) 2.5989
INTEGRALS AYI[IU_S
CNN IO IOTAL ACTION _ ACTION KEN K_XlU
O0 PR[SS-1 (I_SIA) 1630.9 16_9.3 1597.4 640.5 653.6 ?62.3
01 Fp[GS-2 (_S]A) 1629.0 1627.5 159S.8 639,7 652.9 761.1
02 TMR_Sl-I (LIIF) 2/,&2.4 2_1.3 2.389.6 959.6 97707 997.0
03 T_RLrST-2 (LBF) 2t.t.8.9 2t,&7.6 2395.4 962.1 980,1 998,7
O_,erved l_rn rate • 0.&028 i_/se¢. II
Specific ;r_tse • 21&.60Z3 Ibf-s/ilxn
Action / II_rn Time • 1.G¢09
653.6 p,sla

NASA RELOAD
Ballistic Analysis
of
Demonstration Motor
SOSM-00
_U'RODUCT]ON
On November 6, 1992 a full scale motor from NASA Reload Mix 3 was fired (F/N 80956).
This mix was an 86% solids, 16% aluminum, HTPB formulation with a bi-modal (200/20
micron) AP distr_ution in a 70/30 ratio. This was designated formulation 5 on the
motor/propellant matrix and was identical to Mix 1.
The motor operation closely matched expectations with no performance or data acquisition
anomalies.
ANALYSIS RESULTS
The firing data was processed using the standard firing analysis code to determine the motor
operating performance. The results of this analysis are summarized in Table 1.
The propellant burning rate was determined to be 0.426 inches/second at 655 psia.
Assuming that the burning rate exponent is unchanged from Mix 1 at 0.445, then the
burning rate equation for this motor is calculated to be:
r = 0.02378 Pc o.,s inches/second
This is 4.1% higher than the burning rate determined in the Rohm and Haas firing for this
mix. This is typical for this type of propellant.
CONCLUSIONS AND RECOMMENDATIONS
The maximum pressure observed of 720 psia precisely equaled the requirement. Because
of this, it is recommended that the iron oxide content of the propellant be decreased from
0.5% to 0.25% in all future mixes. This will allow some margin on the maximum pressure
requirement in subsequent firings.
A'I_I'ACItMENT 6
Table 1. Ballistic Performance Summa_
Burn Time, seconds
Action Time, seconds
5.087
5.539
Burn Time Average Pressure, psia
Action Time Average Pressure, ps/a
Maximum Pressure, psia
654.6
634_.
720.0
Burn Time Average Thrust, lbf
Action Time Average Thrust, lbf
Maximum Thrust, lbf
4451
4302
5677
Nozzle Throat Efficiency
Thrust Efficiency
0.998
0.956
Total Pressure Integral, psia-sec
Total Impulse, lbf-sec
3515
23839
Propellant Weight, lbm 100.7
Delivered Specific Impulse, lbf-sec/lbm 236.7
TEST DATA REPORT
NASA RELOAD
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NASA RELOAD
Ballistic Analysis
of
ROHM and HAAS Motors
07 and 08
_U'RODUCT]ON
On December 3, 1992 two Rohm and Haas motors (F/N's 02527 and 02528) were fired from
NASA Reload Batch B09722-T. This mix was an 88% solids, 17.5% aluminum, HTPB
formulation with a bi-modal (200/20 micron) AP distr_ution in a 70/30 ratio. From this
batch, full scale Motor #2 was also cast. There were no anomalies noted in the firings.
ANALYSIS RESULTS
The firing data was processed using the standard firing analysis code to determine the motor
burning rate and burning rate exponent. Firing number 02527 used an eroding nozzle
throat made from Durez. Firing number 02528 used a non-eroding, ATJ graphite throat
The burning rate exponent vdth the non-eroding throat provides an accurate burning rate
value at the motor average operating pressure.
Based on the analysis of F/N 02527, the burning rate exponent was determined to be 0.4305.
Based on the analysis of F/N 02528, the burning rate was determined to be 0.394
inches/second at 598 psi. Using these results, the burning rate equation for this mix is:
r = 0.02513 Pc 0.,_s
Full scale molor maximum pressure was calculated by comparing burning rates, exponents
and propellant thermochemical properties to the mix 3 full scale motor. This was done
using a mass balance equation, with a 3.8% scale factor applied to the subscale burning rate.
This value was required to calibrate the calculation to the actual mix 3 full scale motor.
The calculated full scale maximum pressure for batch B09722-T is 750 psi which is above
the requirement of 720 psi.
ATTACHMENT 7
TEST DATA REPORT
NASA RELOAD R/H
Q
FIR|NG NDS:OESE7-OESEB
FIRING DR1E:DECEHBER 3.1992
MOTOR NOS:RRSH-E. BB
RB DAIR:BO972EI
PRODUE1RSSURRNCE RPPROVRL:
RTLRNT]C RE5ERREH CORP
59q5 NELL]NG10N RORD
GRINESV]LLE, VR 22065
/_. ,/r
/_4/..".":"J
PROPULSION TEST GROUP
DECEMBER 3,199E
5PE C ] Ir ! CRT I ON: .... _ .'_,"//X_., ....... _ .........
*g__eeeoo
ldk33
It_A 1_LOAJ) _ FIAIMG 110. e2T_?
ROTOR MO. _-Z AUG • 0 C/! 79
FRI_3S-Z --o-- TH]_U3T-1 --4-- TH_U3T-2 --6-- FR_"__-I ..-=--
3 -Dec -52
]000
• o ° . • • ° • • ° • • ° . o , ° . . . • ° • o °
-ZOO
0.000 0.5000 1.0000 1.5000
_, TItlE (SECO_ID$)
\ ,,' ,.,DA,A,U'_.
,' ", I'_- ; Test |0 : NASA ItELO_ It/W
\ . _ "S_Acct ko. 38-_,_6-W6-1000
)_ ,_', Motorwo._,_-2
_\ r (_-_', -o. ,,,Bt57_s_ =,,,,,,
\" l/_ ' ,'_'_,._,rX" D._o ,.
\ • ,, , _--'_ .) " • TIME VALUES
xf_// ,, - •- (secorv:ls)
'\_ Ignition Delay ( 0 - 10_) 0.0387 Ignition list
,_ _ Action Time (10"/, - 10_) 2.5200 Burn Time
y • Tots| Time ( 0 - 0 ) 2.5867
INTEGRALS
CNN ]D TOTAL ACTION 8UIN
Z.O000 Z.500B
Firir_ _ur'_er 02527
Date Tested 3-Dec-92
Cond. Temp. 70.00 DeE. F
_it_t Temp. &1.DO DaB. F
Re[ E_midity 35.00 X
laromoter 29.90 |r_l O
(102 - 75X) 0.0360
(10',; - T_) Z.&&80
AYEILAGES
ACTION BURN MAXIMUM
O0 PRESS-1 (PSlA) 1630.1 1628.3 160_._ 6_6.Z 656.9 786.7
01 P_ESS-2 (PSXA) 1629.2 1627.3 1607.3 6&5.8 656.6 787.3
02 I_RUST-I (LBF ) 271_.& 2712.9 26?9.6 1076.6 109_.6 1782.5
D3 1_RUST-2 (LBF ) 2717.2 2715.6 2(=82.2 1077.6 1095.7 128/..6
Observed Burn EaSe • 0.&069 iru'sec. 8
Specific Inputse • ?32.8006 tbf-s/ibm
Action / Burn Time • 1.029_
656.9psi_
!D
D
LL
I
• _,_-'
,,.,.
•
_ _.. .
I
i
ii
• o r,,_
_o
¢ ;,,
,,,,10i ,ID
il
]R_'LOAPIt,41 TIRING 1t0. 02:528
rlOTOR NO. B8 /VOG • IS C/T ?$
1400 r_-'S-Z --o-- TH_r_ST-1 _ _T-2 -6-- F1_I:33-1 --_--
3-D¢c-52
• o ° . ° . . ° • . . ° . • . , • . • . o ° ° • o
e. 5ooo 1. oooo 1.5000 2. oooo 2.5000
TIME (S£_D_LD$)
/,F'J / A:,t No38-  -k -IOO0
/ _, Fro. _gt. 5252.6001 litmus
• -_\ Web 0.9900 in.
"_'_" , / Action Time (IOX - 10_)
._'/_ • ! _ Totat Time (0 - O)
i t
-% , O0 PRESS-1 (PSIA) 1528.&
",t 01 I_RESS-2 (PSIA) 1527.7
02 THRUST-1 (L|F) _652.Z
03 THRUST-2 (LBF) • 26&8.1
OL_erve¢l Burn Rate •
Sl_cific lr_:,olse •
Action / Born Time •
TEST DATA SUMMARy
0.0989
2.5780
2.7069
TIME VALUES
(seconds)
INTEGRALS
ACTION BURN ACTION
Firing ,_ber 02528
Date Tested 3-Dec-92
Cored. Temp. 70.00 Deg. F
A_e_ Temp. _1.00 Deg. F
tel H_m|dity 35.00
Barometer 29.90 irglg
(lOX- 75X) 0.0300
ClOX - TAN) 2.5360
AVERAGES
IIUtu KAXZ_Uq
597.5 psioO.390z. ir_sec, a
_29.03T7 tbf-$/ll_
1.0166
1526.8 1515.3 592.2 597.5 618.2
1526.1 151&.6 592.0 597.3 617.&
2651.1 2633.8 1028._ 1038.6 118_5.0
26/.6.9 26;>9.8 1026.7 1037.0 1188.5

NASA RELOAD
Ballistic Analysis
' of
ROHM and HAAS blotorg
09 and I0
_[_TRODUCnON
On December 17, 1992 two Rohm and Haas motors (F/N's 02583 and 02582) were fired
from NASA Reload Batch B09749-T. This mix was an 88% solids, 21.5% aluminum, HTPB
formulation _5th a bi-modal (200/'20 micron) AP distr_ution in a 70/30 ratio. From this
batch, full scale Motor #1 was also cast. There were no anomalies noted in the firings.
ANALYSIS RESULTS
The firing data was processed using the standard firing analysis code to determine the motor
burning rate and burning rate exponent. Firing number 02583 used an eroding nozzle
throat made from Durez. Firing number 02582 used a non-eroding, ATJ graphite throat
The burning rate exponent with the non-eroding throat provides an accurate burning rate
value at the motor average operating pressure.
Based on the analysis of F/N 02583, the burning rate exponent was determined to be 0.4326.
Based on the analysis of F/'N 02582, the burning rate was determined to be 0.3583
inches/second at 546 psi. Using these results, the burning rate equation for this mix is:
r = 0.02345 Pc 0o26
Full scale motor maximum pressure was calculated by comparing burning rates, exponents
and propellant thermochemical properties to the mix 3 full scale motor. This was done
using a mass balance equation, with a 3.8% scale factor applied to the subscale burning rate.
This value was required to calibrate the calculation to the actual mix 3 full scale motor.
The calculated full scale maximum pressure for batch B09749-T is 693 psi which is below
the requirement of 720 psi. This batch should yield acceptable performance in full scale
m ot ors.
A'Iq'ACHM ENT 8
TEST DRf Fl REP@RI
NRSR RELOAD R/H
Q
_lb
# ZstZ. - o_.st_3
F]nlN[; NL_S:_L_2 b;_".::'_
F]RJNG DA1L:UE.CL_!_Ln ]7.]992
SIAlJ[ 11515
PR_DUE1
_SSUr_RN[[ 13PPROVAL: /,
,I. /:"
RILfi:_'l!C RrszL41¢CI i (:L_I_.!.
Jt,,... II1_H["l
C,RJN[SV]LI E. vii _2rJL_5
PROPUL S ]ON
DECEMBER
l ESI GIIOUP
17, ]992
SPEC| F ] CAT I ON; ..... ._/._._.. ...................
,,,,, ,,_oo_,,o,,.._:,,x_.._;...._¢.,:/.,./.:l.
[NGINrERJN6 I:IPPROVRL=.. ..
S ,
rl
• .'l,;)
6 ""• • o° •
i';//. /
1?-Dec-¢JZ
BOO
e
• • • • * • • • • • • • • • • • • • • • • • • | • •
• • • • • • li • • • • • • • • • • • • • • • • II • • • • • •
_ _
0.000 O.bO00 1.ZOO0 1.BOO0 Z.4000 3.0000
7IrlE (SECOIID$)
CNN ID IOTAL
TEST DAIA SUI,I_RY
0.0340
Z.BZ96
2.B_B9
Igniti_ Rise
Burn Time
INTEGILALS
ACTION BURN
Firir_ Nurt:_r OZSB2
Dire Tested 17-De¢-92
Cond. Temp. 70.00 O_i. f
Ar_ient Te_p, i_.O0 Del. l
Bet H_midity 100.00 Z
Barometer 30.10 lib
(lOi - 90"i) 0.0360
(lOi - TAN) 1.7720
AVtlLAGES
ACTIOJ_ BURN Kk.XINUN
O0 PRESS-1 (PSIA) 1526.& 1525.Z 1509.8 539.0 546.7 563.7
O1PRESS-2 (PSIA) 1532.3 1531.0 1515.7 541.1 546.8 565.1
02 T_RUST-1 (LBF) 2628.5 2627.4 _603.7 928.5 939.3 997.9
03 THRUST-2 (LIF) 2627.Z ?626.1 2602.& 928.1 938.8 996.5
O_erved Burn tire •
Spciflc Irl_llse
Action / Burn Time •
0.3553 irv'sec. II
IZ_,.i_B5 Ibf-s/llxm
1.0208

I',0TOR 110. le
1'100P_ESS-I --o-- ?RCSS-Z
FIRIHG 110. $ZS83
IkPG - ? C]T ?8
TH]_E;T-[ + THRUST-Z .-4--
l?-Dcc-gZ
1000
E00
E_X)
-ZOO
0.000 e.bO00 1.ZOO0 1.800e Z.']009
T]_ ($£CON9S)
Acct io. 3B'6_,_,-N6-1000
I_otor No. 10
• -\
/',\_, _ _) __"_'_er°" vez. 5N7.e_ grzes
\_ Web 0 9950x.(.-,e. • ,,.
"\ " • Ig_itim De_,x ( 0 - lox)
,_ J Attire Time (10",[ - 10][)Total lime 0
CmM IO
lEST DATA SUMKAJtY
TIldE VALUES
(seconds)
0.030/, Ig_it|m Rise
LT&M lum lime
2.802&
IMTEGULS
TOTAL ACTION BUltM
3.0000
Firlr_ l+_rrber 025U
Date Tested 17-De_-92
Cw_l. Temp. 70.00 D_. F
k'_imt Temp. /,8.00 Dq. F
Ret N_dity 100.00 X
hrm_ter 30.10 irlN 9
(IOX - 902) 0.0432
(10'4- 1AN) 2.660&
AVEItA_S
ACTION ll+JllM 14.13(114.14
O0 PRESS-1 (PSIA) 1651.8 1650.2 1628.6 600.8 612.2 T31.?
01 PRESS-2 (PSIA) 165&.8 1653.2 1631.6 601.8 6133 722.6
02 TMROST-I (LIF) 2694.3 2693.1 2658.5 riO.& 9993 1118.2
03 THRUST-2 (LIF) 2691.2 2689.9 2655.& 979.3 99B.I 1117.$
C)6served B_rn hte•
Specific l_palse
Actiot_ I |+rn tlm -
0.3751 fr,_se¢. |
228.528,_ tbf-s/tbm
1.0325
612.2 psl_

NASA RELOAD
Ballistic A_lysls
; of
ROHM and HAAS Motors
11 and 12
IhWRODUCTION
On December 4, 1992 two Rohm and Haas motors (F/N's 02530 and 02529) were fired from
NASA Reload Batch 3457. This mix was an 88% solids, 19% aluminum, HTPB formulation
with a bi-moda] (200/'20 micron) AP distr_ution in a 70/30 ratio. From this batch, full scale
motors 3, 9, 10, 11, 12, and 13 were also cast. There were no anomalies noted in the firings.
/LNALYSIS RESULTS
The firing data was processed using the standard firing anab,sis code to determine the motor
burning rate and burning rate exponent. Firing number 02530 used an eroding nozzle
throat made from Durez. Firing number 02529 used a non-eroding, ATJ graphite throat.
The burning rate exponent with the non-eroding throat provides an accurate burning rate
value at the motor average operating pressure.
Based on the analysis of F/N 02530, the burning rate exponent was determined to be 0.431.
Based on the analysis of F/N 02529, the burning rate was determined to be 0.381
inches/second at 587 psi. Using these results, the burning rate equation for this mix is:
r = 0.02441 Pc 04,1
Full scale motor maximum pressure was calculated by comparing burning rates, exponents
and propellant thermochemical properties to the mix 3 full scale motor. This was done
using a mass balance equation, with a 3.8% scale factor applied to the subscale burning rate.
This value was requ_ed to calibrate the calculation to the actual mix 3 full scale motor.
The calculated full scale maximum pressure for batch 3457 is 717 psi which is below the
requirement of 720 psi. This batch should yield acceptable performance in full scale motors.
A'ITACHMENT 9
TE ST DRTR REPORT
NASA RELOAD R/H
Q
FIRING NDS=O2529-D253D
FIRING DAIE:DECEMBER W.]992
M_IDR NOS=IB. IDI
PBDDU_I
RB DRIR
RSSURRNCE RPPROV_L:
RTLRNIIC RESEARCH CORP
59_5 WELLIN_TOtl R_RD
G_]NESVILLE, VR 22065
PROPULSION TEST GROUP
DECEMBER q,1992
,,,../5P[C I f i CATI ON=........ , ,.,,"_, .................
icon RELOP.D It,4H
flOTOR riO. 18
1100 FR£3$-1 --o-- rJ_12;3-Z
FiI_ING 110. I)Z523
AUG • G C_T ?0
THRU3T-I -_-- THRUST-Z --w--
4-Dec-_Z
I0_
6OO
• . ° ° * o • ° • ° • ° ° ° • . * . • ° * , * ° . °
0.000 8.5000
Test ]D : IcXSl RELO_ I/ll
Acct No. 38-_-_6-I000
INoT,or No. 181 \
Pro. Vllt. ,,_LY /
--_'. _" _.,_ .k_l_itfonOetey ( 0 - 101[)
--" ----_t\-_''v ,ot.t Tl. (o - o)
/ \,./. ,"" --.,\
,_) \' _9'Cl(ll 'D TOTAL
/ ' 00 P_ESS-1 (PSIA) 1515.6
_,_s 01 PRESS-2 (PS|A) 1STJ.0
02 THRUST-I (LIIF) 2717.5
03 THRUST-2 (LIIF) 269S.0
1.0000 1. 5000 Z. 0000 Z.5000
71r_ cSgCONO$)
lEST DATA S_4K_Y
0.0521
2.&_60
3.371S
liinlt i_ Rise
lurn Time
INIEGRALS
ACTION IURN
Ftrir_ I_mber 02529
Date Tested &-Dec-92
Cc_l. Temp. ?0.00 Dell. Ir
A_bie_t Temp. 3/..00 Dell. F
let ICum|dity 35.00 Z
llarcraet er 29.90 tr_ll
(10% - 75X) 3.3193
(10_ - 1MI) Z.6136
AV[IL4G[S
ACT|ON IURN KI.X | I_M
1553.? 1543.0 587.Z 590.& 1665.6
1551.5 1540.9 SS6.& 589.6 1682.&
2697.6 2_SO.& 1019.5 1025.6 3328.&
2676.2 2659.3 1011.4 1017.5 3342.Z
OLd.erred llurn Rite •
Specific lr_:,Jtse •
Actio_ / llurn T4me •
0.3838 irVse¢. 8
231.21P0 Ibf-slll:n
1.012A
5qO.& psi-,

1t00
4-Dec-gZ
1000
2O0
0.000 0.5000 1.0000 1.50013 Z. 0000
TIME (SEC:13_5)
2.5000
, _, Test ID : NASA BELOA4)till
_\_.J Acct No. 38-_.N6-1000
,_ , Motor uo. 101
" )_ _ "'/ Grain No. _d.57
(_ _ Pro. Vilt. 53_9.?002 |ram
"" _ ,_ Web 1.0000 in.
o *,' " _ /J lg_|t|on De|ey ( 0 - IO'L)
\_ " J, % Action T|me (10"4- I0_)
,_.._,_j_' Toter Time ( O - O)
CHN |D IDTAL
IEST DATA SLJ,I_BT
0.03_9
2.5928
Z.6473
INTEGILALS
ACTION BUItN
Firir_g I_ber 02530
Date Tested &-Dec-92
Cot_. Teelp. 70.00 Peg. F
A,mbie_t Temp. 3_.00 Beg. F
lie[ Humidity 35.00
Ilsra_eter 29.90 inH g
(lOX - 7_X) 0.0252
AVEILAGES
ACTION - IIURN NAXI NUN
O0 PRESS-1 (PSIA) 1650.0 16/,8.9 16_0.3 636.0 6/,0.9 802.0
01 FR[SS-2 (PSZA) 16_.8.0 16_6.9 163_.3 635.2 6t,0.2 602.6
02 T_4RUST-1 (LBF) 2766.3 2765.6 2730.? 1066.? 107&.8 12&2.6
03 TMRUST-2 (LBF) 2766.9 2746.2 2731.5 1059.2 1067.3 1235.1
Observed Burn Irate •
Sl_cific fr_lse •
ActiOn / Burn T{me •
0.3907 In/see. 8
23&.55_1 |bf-s/tl_
1.0131
6.r.0.9 psiu

NASA RELOAD
Ballistic Analysis
of
ROHM and HAAS Motors
13 and 14
/NTRODUCTION
On December 17, 1992 two Rohm and Haas motors (F/N's 02586 and 02587) were fired
from NASA Reload Batch 3467. This mix was an 86% solids, 16% aluminum, HTPB
formulation gith a bi-modal (200/20 micron) AP distr_ution in a 70/30 ratio. From this
batch, full scale Motors 4, 5, 7 and 8 were also cast. There were no anomalies noted in the
firings.
ANALYSIS RESULTS
The firing data was processed using the standard firing analysis code to determine the motor
burning rate and burning rate exponent. Firing number 02586 used an eroding nozzle
throat made from Durez. Firing number 02587 used a non-eroding, ATJ graphite throat.
The burning rate exponent _ith the non-eroding throat provides an accurate burning rate
value at the motor average operating pressure.
Based on the analysis of F/N 02586, the burning rate exponent was determined to be 0.4163.
Based on the analysis of F/N 02587, the burning rate was determined to be 0.3292
inches/second at 497 psi. Using these results, the burning rate equation for this mix is:
r : 0.02483 Pc o.,m
Full scale motor maximum pressure was calculated by comparing burning rates, exponents
and propellant thermochemical properties to the mix 3 full scale motor. This was done
using a mass balance equation, with a 3.8% scale factor applied to the subscale burning rate.
This value was required to calibrate the calculation to the actual mix 3 full scale motor.
The calculated full scale maximum pressure for batch 3467 is 596 psi which is below the
requirement of 720 psi. This batch should yield acceptable performance in full scale motors.
ATI'ACIIMENT 10
TEST DATA REPORT
NASA RELOAD R/H
z5_ -¢,_ _7
F]RIN[; N_S:E-_
F]RJNG DRIE:DECEMBER ]'/. ]992
SIRI]E 1E515
PRODU_I PSSURRNEE RPPROVRL:
R]LANI|[ RESERREH [DRP
59q5 WELL]NGIOT_ RORD
GR]NESV|LLE, VR 22065
/.
• i .!,_
/I / /"
_.' "_.IL ".
.r. 4 2 ..
L,j./j ;'..-
PROPUL 5 ] ON 1 EST GROUP
DECEMBER 17,]992
SP£CIFJCRTIONz ..... ._f/_.. .................
o,,, ,_oo_,,o,..._w._./._... ..... [...
MOTOR 110. 3
1'100F_L"SS-1 -.o-- ]PRESS-Z
FIRIMG riO.
AUG : ? Cs! ?e
THRLL_T-1 .-6-. THPa_rST-Z-4--
17-Dcc-BZ
1ODD
• . • . • • • • • • • • • • • • • . . • • °
1.2000 1.BOO0 2.4000 3.0000
TIME ($EC:OMDS)
0.030S
Z.BSS?
0 ) 3.0113
TEST DATA SUNKARY
O0 PRESS-1 (PS]A) 1634.6 1633.Z 1622.1 152.6 557.7 637.3
01P_ESS-2 (PSIA) 1639.2 1637.8 1626.7 SS&.1 559.Z 638.5
02 THRUST-1 (LBF) 2561.8 2560.9 25_4.0 B66.S 87&.6 1005.4
03 TKRUST-2 (LDF) 2557.$ 2556.6 2539.8 865.0 673.1 1003.1
O_erved Burn tote •
_;>ecifi¢ I,r_lse •
Action i Burn Time •
0._00 irdsec. |
227.1721 Ibf-sltbm
1.0161
557.7 psia
OF_(_NAL PAGE IS

1t00
IVL.R_RL-L.DAPp,,,fl
IIDTOR 110. IVIC-B
/'J_£::_S-I---oh--I'B?.S3-2
/'IRIIIGliD.eZSO?
IkL:G- ? CJI 79
IIIRLIST-I--o-- I_II_IST-Z-"
17-_._--gZ
1000
e.6000 1.ZOO0 1.B000 2.t000 3.0000
TIME (Sr-COM])$)
• CHm |D TOTAL
0.0774
3.1177
3.2234
lEST DATA S_C_ARY
Firir_; i_r 02587
Date Test_l 17-Dec-D2
Cc_l. Temp 70.OODe9. F
kmble_t Te_. &_.O0 Deg. F
Re[ N_nidity 100.00 Z
laromoter 30.10 ir_ 8
Ijnitlon Ifoe (10% - K_) 0.0540
lurn lim (10% - TAN) 3.0637
O0 PR[SS-1 (PSIA) 1532.5 1531.Z
01P_ESS-2 (PSIA) 1535.1 1533.9
02 T_RUST-1 (LBF) 2498.3 2497.8
03 TKRUST-2 (LBF) 2491.9 2491.5
AVERAGES
IKJRW ACTION IM./_N ' IK/kX|HUN
1518.0 491.1 &93.5 516.6
1520.6 492.0 496.3 $17.Z
2471S.T 801.Z 609.1 1160.8
24_ 6 7'99.2 IK)71 11_ S
Observed Burn Rate =
Speclf|c Iml_Jlse •
Action / Burn Time •
0.3261 Ir_lsec. 8
219.30_8 Ibf-$1ibs
1.0176
4_5.5 psia

NASA RELOAD
Ballistic _ma lysis
of
ROHM and HAAS Motors
(PBAN Mix 2)
INTRODUCTIO_
On February 18, 1993 two Rohm and Haas motors (F/N's 02724 and
02725) were fired from NASA Reload Batch 3502. This mix was an 86%
solids, 16% aluminum, PBAN formulation with a bi-modal (200/20
micron) AP distribution in a 70/30 ratio. From this batch, full
scale motor DM-06 was also cast. There were no anomalies noted in
the firings.
ANALYSIS RESULTS
The firing data was processed using the standard firing analysis
code to determine the motor burning rate and burning rate exponent.
Firing number 02725 used an eroding nozzle throat made from Durez.
Firing number 02724 used a non-eroding, ATJ graphite throat. The
eroding throat firing provides an accurate assessment of the
burning rate exponent while the non-eroding throat provides an
accurate burning rate value at the motor average operating
pressure.
Based on the analysis of F/N 02725, the burning rate exponent was
determined to be 0.3401. Based on the analysis of F/N 02724, the
burning rate was determined to be 0.361 inches/second at 550 psi.
Using these results, the burning rate equation for this mix is:
r - 0.04222 Pc 0.,40,
Full scale motor maximum pressure was calculated by comparing
burning rates, exponents and propellant thermochemlcal properties
to the mix 2 full scale motor. This was done using a mass balance
equation, with a 3.8q scale factor applied to the subscale burning
rate. This value was required to calibrate the calculation to the
actual mix 2 full scale motor. The calculated full scale maximum
pressure for batch 3502 is 652 psi which is below the requirement
of 720 psi. This batch should yield acceptable performance in full
scale motors.
ATI'ACHMENT II
TEST DATA REPORT
NASA RELOAD R/H
Firing No. s 02724-02?25
Firing Date T 18-FEB-1993
Motor No. s 30,RTY-I11
RB DATA
PRODUCT ASSURANCE APPROVAL z /!S_
PROPULSiO?; T_r$7 GROUP
ATLANTIC RESEARCH CORPORATION
5945 Well£ngton Road
Galneavllle, VA 22065
February 19, 1993
SPECIFICATIONs ......... _.._...
..........ii
PIOI_R HO.
fR_-|
3O FIRlfi3 fl0. i_4N._ " IZ O'I ?I)
I'J_T-I -6-- DtBt_Y-Z -..4--
18-Feb-53
dr dh
-- °
e.0oe 1 ._0e Z. EX)0e 3 ._ t .eeoo 5.e_e
|o. 35- $464-|S-1000
_oto: |o. _0
Grnln _o. 3S03
Pro. Vft. S266.30110 gram
_b 2.004S Lm.
•_r.ST DATA 8_
Tiring Zwr.b,or 02724
Dn_e 2_s_d 18-10b-93
Cc_d. _. _o. oo Dog. •
J_bien_ Toap. 28.00 Dog. •
1_1 II_n_di_. 7 $S.00 •
B.r c_e_jr 2|.70 l_Ig
lSl_Stion D*I*X (i) - 104) 0.0341)
Action TiJo (1Dr- 10k) 1.8338
To_l Tlw ( e - 0 ) ]l.t)3iS
X_TIG_B
cIW _UP _ ACTI 011
Zg=it|o= IUne (10t - ?St) 0.0llNb
]lurn Tim {10t - TAW) 2.0168
A'VZNLC;ZJI
ID_XII ACTION ]IUIUI
00 P_zsI-I (BJIA) INS0.0 1550.0 IS43,S S47.0 548.0 628._
01F_-_SS-_ (PSZA) IS57.1 INS?.} lSS0.i SiJ.i SS0.1 i2J._
02 _'_s?-I (L_) 2654._ 2654.0 2644._ 936._ _38.7 1120.|
03 T_ST-2 (IJ_) 2622.S 2622.S 2612.1 92S.S 927.3 1121._
O_serve4 Burn ]_t4 * 0.3566 fn/eo¢. O
Specific ;=_.InO m 228.6?32 lbf-n/ll_
Act|on / |urn T _,m o 1.00&0
S40.0 _8L8
etD
_,',p
i
] i!
-" r..
_m
e _m
o,I
i
L
C.
C
*e
I
x-
e_
i
10o0
6OO
. . .=....
2_et ZD 8 _ PJ_GKD
Acct Po. 38-6464-J6-1000
J4otoz Jo. _crY*llX
CzaLn Jo. )S02
Pro. V_. SSiS.120S gram*
va4) 0.9940 ,t.I.
27,3? DA.T.A I;Lllql.iJ4jtlr
Tg_lt|on Dele7 ( 0 - 10t) O.0?SII
Action TLam (10_ * lot) 2.?S24
Tot.a1 ?LJm ( 0 - 0 ) 2.0S?l
zIr_cNLIJI
D 2'O2AI, &CTZOII
_[Fnlt|oa ]t_oe
11o.z'n 2'Lae
|_ml
tiring II_Lr 0272S
Da *..e Tee t..od lll-Fe]_-II.I
Con4. 2'_p. ?0.00 Dog. •
/,.a_Lo,,_ 2_mp. :_I.O0 DeS. •
_:cm._ 29.78 Xdg
(104 - ?St) O.OIZ4
(104 - 2)J) 2.iooe
A','ZXACIU
ACTIOII IIUIUI )(kX.TJIUN
O0 ?_ss-I (PS2A) 166|.1 |SS6.S 1650.S SOS.S S1).4 O0?.S
01YJ_l[S$-2 (PsZ,k) 1672.S 1S?0.| 1654.1 S01.0 61S.0 OO?.l
02 TI_ST-I (2JL_) 2695.| 2693.9 26_7.9 ST|.? 991.| 1257._
O) _$T-2 (_Y) 2665.3 2663._ 2638.S _67.0 _10.1 1251.1
$;_*_ific J_u2oe *
Ac$|on / ).zn _LJe •
0.)694 in/sac. |
220.4824 lbt-ell_,*
1.022P
61).4 pe_L4

MOTOR #
MOTOR INFORMATION CHART
SERIAL # BATCH # MIX DATE
I
2
$
4
5
6
7
8
.9
10
11
12
13
14
SOSM-01 HTPB/21.5
SOSM-02 HTPB/17.5
SOSM-03 HTPB/19.0
SOSM-04 HTPBfI6.0
SOSM-05 HTPB/16.0
SOSM-06 PBAN/16.0
SOSM-07 HTPB/16.0
SOSM-08 HTPB/16.0
SOSM-09 HTPB/19.0
SOSM-10 HTPB/19.0
SOSM.11 HTPB/19.0
SOSM-12 HTPB/19.0
SOSM.13 HTPB/19.0
SOSM-14 PBAN/16.0
B.-09479-T
B-09722-5
3457
3467
3467
B-09750-T
3467
3467
3457
3457
3457
3457
3457
3502
12m92
11/11/92
11/18/92
12/4/92
12/4/92
12/3/92
12/4/92
12/4/92
11/18/92
11/18,/92
11/18/92
11/18/92
11/18/92
2/1/93
Not Shipped
ATFACHMENT 12
PROPELLANT COMPOSITION
MOTOR #00 (DEMO MOTOR)
SERIAL # SOSM-00 HTPB/16.0
PERCENT
10.558
0.150
2.000
0.500
16.000
0.025
49.000
21.000
0.717
0.025
0.025
100%
INGREDIENT
R45 (_n'B)
_PA_ (BONDING AGENT)
DOA
FE203
AL
MGO
AP200
AP20
IPDI
TPB
MALEIC ANHYDRIDE
ATTACHMENT 13
PROPELLANT COMPOSITION
MOTOR #I
SERIAL # SOSM-01 HTPB/21.$
PERCENT
8.937
0.150
2.000
0.200
21.500
0.025
46.550
19.950
0.638
0.025
0.02_._5.5
100%
]INGREDIENT
R45 (H'r B)
TEPAN (BONDING AGENT)
DOA
FE203
AL
MGO
AP200
AP_
IPDI
TPB
MALEIC ANHYDRIDE
A'ITACHM ENT $
MBIO$1._
PROPELLANT COMPOSITION
MOTOR #2
SERIAL # SOSM-02 HTPB/17.5
pERCENT
8.937
0.150
2.000
0.200
17.500
0.025
49.350
21.150
0.638
0.025
0.025
100%
INGREDIENT
R45 (H'I_B)
TEPAN (BONDING AGENT)
DOA
FF_,203
AL
MGO
AP2OO
AP20
IPDI
TPB
MALEIC ANHYDRIDE
MB1051.'92
PROPELLANT COMPOSITION
MOTOR #3,9,10,11,12,D
SERIAL # SOSM-03 HTPB/19.0
SERIAL # SOSM-09 HTPB/19.0
SERIAL # SOSM-10 HTPB/19.0
SERIAL # SOSM-11 HTPB/19.0
SERIAL # SOSM-12 HTPB/19.0
SERIAL # SOSM.13 HTPB/19.O
PERCENT
8.937
0.150
2.000
0.200
19.000
0.025
48.300
20.700
0.638
0.025
0.025
I00%
JNGREDIENT
R45
TEPAN (BONDING AGENT)
DOA
FE203
AL
MGO
AP200
AP20
IPDI
TPB
MALEIC ANHYDRIDE
MBIO_I..92
PERCENT
10.804
0.150
2.000
0.200
16.000
0.025
49.000
21.000
0.771
0.025
0.025
100%
PROPELLANT COMPOSITION
MOTOR #4, $, 7, 8
SERIAL # SOSM-04 HTPB/16.0
SERIAL # SOSM-05 HTPB/16.0
SERIAL # SOSM-07 HTPB/16.O
SERIAL # SOSM-08 HTPB/16.O
JNGREDIENT
R45(m'PB)
TEPAN (BONDING AGENT)
DOA
FE203
AL
MGO
AP2OO
AP20
IPDI
TPB
MALEIC ANHYDRIDE
MB1051.'02
PROPELLANT COMPOSITION
MOTOR # 14
SERIAL # SOSM-14 PBANfI6.0
11.980
1.820
0.200
16.000
49.000
21.000
100%
I.NCREDJE!_  
PBAN
DER 331
FE203
AL
AP200
AP20
MB1051.'92
DEVIATION APPROVAL REQUEST SHEET] OF |
I. FOR: _ DEVIATION
i Z. FROM CONTRACTOR:
Atlantic I_se_rch Corporation
S. NOMENCLATURE:
Strap-an Solfd Hotor
D. NONCONFORMANCE: |0, MRB ACTION NO.:
[_ MI NOR [] MAJOR ""
6. NUMBER:
3. CONTRACT NUMBER:
I_AS_-3_G8
] SUMMARY OF MINOR NONCONFORMANCES
4. REQUEST NUMBER:
ARC-I
7. REVISION: 8. DATE:
12123192
|1. SERIAL NUMBERiS):
SO$_O;Z HTPB/17.5
14. SUPPLIER OR SUBCONTRACTOR (GIVE NAME AND ADDRESS',:
1141,
12. LOT NUMBER:
Ol
13. QUANTITY:
!
15. SPECIFIED REQUIREMENTS:
P_furblsh..-_nt SFectf|catlon |,
HaxiFu_ Expected Operating Pressure
• 720 pslt
16. DESCRIPTION OF DEPARTURE FROM REQUIREMENTS:
Predicted MF.OPfor SOS_b02 - 750 psta
17. REASON FOR REQUEST AND/OR CORRECTIVE ACTION TAKEN:
C=Iculated T_E_P_ces not affect _st seri_s objectives or test firing safety due to
I_arc_InIn factor of safety (e;pr_)x. 4.0 for prl;,_aryfallure mode)
IS. REMARKS:
rio o_er _t.ors exce4d rCEOPrequirement
19. CONTRACTOR CERTIFICATION:
NO COST ADJUSTMENT
THE CONTRACTOR HEREBY CERTIFIES THAT THE ABOVE DESCRIBED DEVIATION IS A DEPARTURE FROM
THE CONTRACTUAL REQUIREMENTS IN THE QUANTITIES AND/OR CONDITIONS AS STATED ABOVE.
COST ADJUSTMENT (EXPLAIN)
TITL Ir SIGNATURE OF AUTI'_OIIIZ[D Ill;IIIIt[IIrNTATIV Ir OA_r[
20. GOVERNMENT QUALITY ASSURANCE REPRESENTATIVE COMMENTS:
21. MSFC REVIEW:
_ _GANIZATIDN SyMBOl
r
,-33.,"
':291
C:21
TITh£ _wA'rymT
LI___I J_t e___JkJ._
,-=liE. _ t ' ;*_ _ I|il,/
22. CONTRACTING OFFICER'S REPRESENTATIVE OR OTHER DULY
CDNCURNENCE NON.CONCURRKNCE
23. CONTRACTING OFFICER:
DATE
DATE
DELEGATED AUTHORITY:
DISAPPROVAL (RECOMMENDED}APPROVAL {R E COMM E N D E O} (_VI 1_)
., (WITHOUT) PRICE ADJUSTMENT. $
• o
"DA_E
APPROVED *DISAPPROVED
] SUBJECT TO CONDITIONS STATED ON MSFC FORM
IIGII&TUIIE DATE
-I.
MSFC-FormI41 (Re_. M,.y lilt)
• _ _ COPY #4 CONTRACTOR'S - RECORD F_ ATrACHMENT 14
. • I _ | 1
MATERbakL INSPECTION AND RECEIVING REPORT _'-"',"
....... _-:; mm e.-'_'_._G
. _ _ --" ...... 0_'_ _'_'_, _'am_'_l_. I_ ml_J
_.o _
_PI
NA58-38668
a _----..,.o I ' me,, ,----..o I • a_ 233923
ARCOOO] 300CTg2
o p,,_ c_-_._ _'--:t 28244
Atlantic Research Corporation
5945 Wellington Road
Gainesvtlle, Virginia 22065
SAME AS BLOCK 9
Okll$1 DO lO! IIITuIIOv YOUr COMP%ITID PO_k4 TO liIMll Or TMI$I AtX)IIIISI$
t) L'e*."_llDv,, ;;_Transportation Pr ty Officer
National Aeronautics & Space Administration
Bldg• 4971
Marshal Space Flight Center, AL 35812
_l _l STO,Cr.jIP AR Y NO. DESCRIPTION
NO
;
Motor Case
Nozzle Insert A0327004-I00
Retaining Ring B14236-03-01
1 D
O Net 30
DCHAO Baltimore _JS2404A
Attention: Chesapeake
200 Towsonto_n Blvd., _est
Towson, MD 21204-5299
u-,,,-,_,_.,_ev _iBF52
Financial Management Office
George C. Marshall Space Flight Center, NAS.
Marshall Space Flight Center, AL 35812
CONTP_kCT OOALiT_" I_$UIUENCE
A O_Oahl
COA F*]ACC('tANCIo+0;ned ,,,m_
I>_l_ P_adl b / l_l Or um_l+ mlf Iu_,Orw$,O m
lind reel co_form tO (O_trac'l. l_¢•_t 411noted
h41rlm Ol l_i l_+(Im)ri*l,_ (hx+mlnIL
• +,i . "_i
-+ _ 'J$."d
38- 646(l_:_
Packing List 233923
Accountability Property Officer I
Bldg. 4471
Attn: Richard Thompson EP73
f';OtJaN_l
$_IP/RICD*
13
I;
I D[ $TINATION
O CQA [_] ACCEPTANCE of h_ed _om_ has been
m¢dl bI .'eOr under my luNl'+o,i$,On lipid the 1
COnfOrm 10 contrliCf,, e.cept lis noted herein o_ o_
lm.l
II.
UNrt
ea
ea
ea
t,;_ PPbC!
NSP
NSP
flSP
AMOUNT
NSP
NSP
NSP
DD Form 250, DEC lll
Prev,o_i eda,;o._ •_ Obl<_lll.
°qul.ll,. 44"..1 o"4 oh ,N,," ,,. *..
AT'I'ACHMENT 15
SHIPPED !--7
FROM:
_..
SHiP TO: F
lilt dllllit0Sllt_¢[ iR04#il
11190 C"e( 10KII aIV'IL
ALl IIA_I0ill II. Vi. Illll-,lllll
TEL I1) 11-4dlII 411041
PAX. !1l 11-461.44NI I
i-_Llntllll, lit:It:d/Ill LUIIJUlitlIlIIIII
a subsidia_ DE.._qua Corporation
AIIC ImOW [S$IOmAL Slli¥1Cl[:S IIIlOt_
'_ 111)0 CM[IIOI_[[ AVE.AL[XANDIIJA. VA. |lr|ll.llml
_r I[(,, lPo1-14 Ir41eli
__J
FAX. PO&4kl Ir411 |
ACCOUbrl'ABILITI PROPERTY OFFICER
NATIONM., J_RONAI_ICS AND SPACE ADMINISTRATION
BUILDING 4471
I'L_StLI, LL SPACE FLIGIFr CENTER, ALABAMA
"1
35822
L ^rm. RIC_.D cooPza_7_ _J
*CUSTOMER Om_Lll NO, I BILL OF" LADING NO.
NASB-38G68 _ 233923
GOV'T. CONTRACT NO. -- INSURE FOB
¥IIIOINIA PliC)l_UiON DrVIIIOIq
Jlill kl I.L.ll_O*ro_ll lll_iO
41Alkllllvli_.l..l. VA. I2PII-IIIINI
1"It. 11014141 40ee
Twx. 7111.-714-11111
PAX. PqlJ4414181
PACKING LIST
A_C ORDER NO.
38 -6464-N 7-0000
[No.233923--]
NUMBER OF CARTONS
IN THIS SHIPIdlrNT
3 _/s
WEIGHT
5000
CUB[
# ESTIHATED
DATE SHIPPED:
10/30192
RFS# l_PO001
SHIPPING CHARGES:
PA_p._o COLkECT
xl_ 13
FOB:
SHII>PING PT. DESTSNATION
B r'l
SHIP ViA
ROADWAY I_f'RZS S
:ONTR QUAV'4TI T Y QUANTITY BACK ARC PART
ITEM ORDERED Sl-II PPED ORDERED NUMBER OESCRIPTION
13
13
13
METHODTRADEMARK AFFIXED
"_ADEMARK APPLIED TO
CUSTOMER
E0327004-
B14236-03
FURNISHEE
MOTOR CASE
.00 NOZZLE INSERT
-01 RETAINING RING
VERIFIED
MATERIAL BEING RETURNED
LABEL I__.J TAG L__J ENGRAVE I---'} CAST [-_ OTHER
PRODUCT r--} CONTAINER _'} OTHER
DATE:/_
SHIPMENT OF ENDITEM I'--] MATERtAL FURNISHED FOR FURTHER PROCESSING ON P.O. NO
I"---I MATERIAL RETURNED FOR REPLACEMENT F'--] MATERIAL RETURNED FOR FULL CREDIT ON P O NO.
I---1 MATERIAL RETURNED FOR REPAIR ON P.O NO OTHER,SPECIFyI
AlIC. ILIII.
R=v.,0, ORIGINAL
iAATERIAL INSPECTION AND RECEIVING REPORT o-,. e_,.,.
m
I_|A$[ DO N.O1 RETURN ¥oun ¢OM_.[TID FORk_ _0 IE[TMiR OF TMESE ADDRE$$|S.
.De .,,._.i., _. ,<o.,.,,<-,, I I i INVO*f.i _0 IDAll I PAOli De I iiCtPliil(I I_Dl_
HAS8-38668 1 1 2 D
; _.,l_*l_l lliO I lililt I_ • _% S Di$(Oi.llvl ll_t_
ARCOOD2 92DECI3E
, ,.-.t _,,_oo_ cox 28244
ATLANTIC P,_SF_CB CORPORATION
5945 WELLINGTON ROAD
GAINESVILLE, VIRGINIA 22065
. _.,,*t:,._..,,,-,-,,*.-'_ c_x w31P4Q ,m D
S_ _B_K9
TRANSPORTATI OH OFFICER
EXPLOSIVES STORAGE I DEMOLITIOHS IIU_NCB
]_LDG. 8700
ILEDSTOhZ ARSENAL, SUPPORT ACTIVITY
IL_DSTONE_ A1.A_A._A 35898-5330
_S _i STOCK/PART NO. DEICRIPTION
IIIM
NO
I
,,
!
!
I
!
I
I
!
I
!
I
I
I
I
!
!
I
I
!
I
I
I
i
FSC2d 95335 HFR P/N: A0327001-002 REV. A
MOTOR A.5 SEKBLY
S/H: SOSH-0 I-IqTPB-21.5,
SO_-02-BTPB-17. $, SOSH-03-1YrPB-19.0,
SOS_-O4-BTPB-I 6.0, SOSH-05-nTPB-16.0,
SOSH-07-BTPB-16. O, SOSH-08-IITPB-16.0,
SOSH-09-1YI'PB-19. O, SOSH-10-RTPB-19.0,
SOSH- II-IITPB- 19.0, SOSH- 12-BTPB-19.0,
SOSH-I 3-11TPB-19.0
ROCE_T MOTOR, UN0186, EXPLOSIVE 1.3C
P/N: 17411-I
CARTRIDGE, IGNITER
CARTRIDGES, PO_ER DEVICE, UN0323
COr;TI:,ACT QQALITY ASSURANCEI!
A. ORIGIN
coA [-] ACCEPTANCEOt ,.e_,te_t
bten ml_e by me or under my sv_,erv,sion
Ir, d lhey CO_#orm 10 COnlrlC_,. except Is r_oled
here_n or On SuppoSing document.
$_G_AIUM O • AUT_ GOvl IU.#
NET 30
,_.o-._,._oi, cox iS2404A
DCHAO I_ALTI_ORE
ATTENTION : CRESAPEAKE
200 TONSONTONN BLVD., WEST
TOWSON, HARYLAND 21204-5299
u ,.,.,_ -,.l e! ,.Am,, coxlSF52
FINANCIAL MA_A0_-_T OFFICE
GEORGE C. KARSKALL SPACE FLIGHT CENTER,NASA
NARSRALL SPACE FLIGST CENTER, AL. 35812
14 -----'_-ID tO*
_TE
lvPlo w&llI
234039
38-6464-N7-1000
PACKING LZST NO.
ATTN: GAP_L'I"r I_ALAN
DCN B-9-EP-O0215
11.
OUANTITY
$HIPIREC'D •
12
12
i. DESTINATION
I-7 CQ_ ACCEPTANCE O¢ lls_e_ hems his been
mlde by me or under my supe_ts_o_ and they
co_form to COntrIC% except ei _oted herein or on
suppOrl.ing documer_.
I_NAIUli _ &UI_ GOV'1 It£P
liID lllli
TI
UNIT
EA.
It
UNIT PRICE
NSP
NSP
it
•. AMOUNT
NSP
NSP
;ia RECEIVER'S USE
Oulntltiel shown ,n column 17 were received
m applrent gOO_ CO_d,t,O_ except is noted.
DATE It[CliviD _GkAIUIt/ O_ A_I_ f,,OVl IUi#
• If quantrry received by the Governmen! U ilw
_me sis _utrltvW IA_p_d, /_fScite by (,/)
mirk, if cI, Herent, enler i_lull qulnlt[_ te-
(eive_ l_low luint,_)' ShlpO*, d irt_ encircle.
DD Form 250. DECgl P, evioui e#,i;o_ ire obsolele. ...,. _.,..... , -, --." _-*,'..
wI
ib_oP_t*_l _v. _ T& 6MipPJrD
t, oc. *,,svn_J_[,qT _D[_. tC:O_TII.ACT_ _O_D[***,O **,v0,¢¢ hO.
ARCO002 91DEC23E _ NAS8-38668
I'r I[ u
I_0.
!
I
I
I
!
!
I
I
I
I
I
I
I
I
I
I
!
I
!
!
I
I
!
I
I
I
I
I
I
I
I
I
I
I
!
I
I
1
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
l
I
_D I WOmu ,, 25Dc
| _ {,,)(, IV P A I I" l_O iDI |t. llhp | i01 _
PROPELLANT. SAMPLES
PROPELLANT EEPLOSIVE, SOLID,
CLASS "B" EXPLOSIVE
OtJ a h,._r IT v
S,.*0PPm [C'D t,/k i'r I_ i_ rr pAICe
EA. NSP NSP
n • o
n • n | _
U..%.GOVIrRN_I[IWT PRINTING OFFICE: 1953.-6_-,62S
ARC
SHIPgED 17
FROM:
Atlantic Research Corporation
a s_bsidia_ of Sequa Corporation
Ale ImRDPlUI41*O_AI. I_ltwlr.,4B ePDt,m
AL[IA_DRIA. V_ _lll|D-f 1ram
TEL.. _) J.44D.dl_I 6
PAX, lqi&4ki| 4J I E
SHIP TO: F" TRANSPORTATION OFFICER
EXPLOSIVES STORAGE & DEHOLITIONS BRANCH
BLDG. 8700
REDSTONE ARSENAL, SUPPORT ACTIVITY
L REDSTONEE ALABAMA 35898-5330
7
VlaS*kIA _ _¥I
I_l WIL_*_T_ mOAD
_O_LSWOLL! YA. 81_Nb'J_
TI4. _14J_
PACKING LIST
234039)
DATE SHIPPED,
92DEC23E
J RFS#RI/POIO
cus,o,,,, (>,DEn-o B,,L o, _AO,NONO. NU,,RERO' C*R,ON$ ] SHIPPING CHARGES:
COHM B/L ,N ,H,s SH'"WEN'
,, 14 W/B J ,..[,.A,o CC_,ECT
_ov_. CO-TR,,CT--0. ,Nsu,kFOi w_,GHT _{ rl
. NAS8-38668 c 4685.0 LBS. FOB:
AK OAOER NO. I INlP V_& CuB, E SNI_NG _ _STI_TI_
38-6464-N7-I000 J MOTOR FREIGHT 148.09 CU. FT. !'! I"!
ONTR. QUANTITY QUANTITY
ITEM ORDERED SHIPPED
28 F.A.
TOT i NET EXPLOSIVE _'T.
METHOD TRADEMARK AFFIXED
TRADEMARK APPLIED TO
BACK
ORDERED OESC R IFrlrlON
1290.0 L LS.
ARC PART
NUMBER
SEE ATTACHED DD FORM 250 FOR
REQUIRED (ARCO002)
LAsELF--] TAGF'--I ENGRAVEI--1 CASTE3 OTHER
PRODUCT ['--I CONTAINER_] OTHER
I_ SHIPMENT OF ENDITEM [_] MATERIAL FURNISHED FOR FURTHER PROCESSING ON P.O. NO.
MATERIAL RETURNED FOR REPLACEMENT [_ MATERIAL RETURNED FOR FULL CREDIT ON P.O. NO.
MATERIAL RETURNED FOR REPAIR ON P.O. NO. OTHER cSPECIFYt
L INFORHA:ION
. , . ".
"'_'_" - " " " ...... ORIGINAL'_ ""
ei
_..I, ,t_,,m,o*
MATERIAL INSPECTION AND RECEIVING REPORT o..*. ,_.,_.B
ARCOO03 93_q_OBE ,c,, B NIT 30
ATLAntIC RESEARCH CORPORATION
59_5 _£LLI_GION ROAD
GAI_£SVILLE, VIRGINIA 22065
SAHE AS =LOCK
T/JL_SPORTATI0_ OFFICER
EXPLOSIVES STORAGE & DEMOLITIONS _RANCH
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_lantic Research Corporation (ARC) contracted with NASA to manu-
facture and deliver thirteen small scale Solid Rocket Motors (SRM).
These motors, containing five distinct propellant formul'ati'ons, wiTl be
used for plume induced radiation'studies. The information contained herein
summarizes and documents the program accomplishments and results. |
Several modifications were made to tMe scope of work.during thd
course of the program. The effort was on hold from late 1991 thrmgh
August 1992 while propellant formulation changes were developed.
Modifications to the baseline program were completedin late-Augusl
and Modification No. 6 was received by ARC on September.14, 1992. The
modifications include changes to the propellant formulation and th(
nozzle design. The required motor deliveries were comp_¢ted in lat_-
Dec. 1992. ARC agreed to perform an additional mix & ca_t effort _t no
_ + _ another motor wa_delivered in_J_arc I 1993
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